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Summary
Introduction: Reconstruction Surgery of the posterior cruciate ligament (PCL) has not yet been
fully standardized, and associated rehabilitation protocols have not been clearly deﬁned. The
aim of this study is to report the results of a consecutive series of patients who underwent the
same surgical technique for isolated PCL reconstruction and were submitted to the same speciﬁc
rehabilitation protocol. A non-aggressive rehabilitation protocol which protects the graft from
excess mechanical stress produces satisfying and reproducible clinical and laxity results in the
knee.
Materials and methods: Our series included 17 patients who underwent single bundle arthro-
scopic reconstruction of the PCL with an autologous quadriceps tendon graft and who followed
the same non-aggressive rehabilitation protocol. All patients were followed up for an average of
30 months (range 12—60 months). The preoperative evaluation and the last follow-up included
objective and subjective IKDC scores as well as the Tegner & Lysholm knee scales. The side
to side laxity was measured radiologocially with the Telos stress testing device. A statistical
analysis was performed to compare preoperative and postoperative results.
Results: Preoperatively, no patients were classiﬁed as A or B on the IKDC objective score. At last
follow-up visit, 88.2% of patients were classiﬁed as A or B. Average side to side anteroposterior
laxity was 11.9mm (range 8—18) in the preoperative evaluation and 3.8mm (range 1—7) in the
ﬁnal follow-up (p = 0.01) The average subjective IKDC score was 37.7 before surgery and 74.7 at
last follow-up (p < 0.01). The Tegner & Lysholm scores were signiﬁcantly improved by surgery.∗ Corresponding author. Tel.: +33 04 37 53 00 22; fax: +33 04 37 53 00 23.
E-mail address: sonnerycottet@aol.com (B. Sonnery-Cottet).
877-0568/$ – see front matter © 2010 Elsevier Masson SAS. All rights reserved.
oi:10.1016/j.otsr.2009.12.011
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Discussion: Although the results are still less successful than ACL reconstruction, successful
PCL reconstruction results were obtained with a standardized single bundle reconstruction
technique and an adapted speciﬁc postoperative rehabilitation protocol. A non-aggressive reha-
bilitation protocol can limit postoperative mechanical stress on the graft.
Type of study: Retrospective Level IV.
© 2010 Elsevier Masson SAS. All rights reserved.
Table 1 Clinical data.
Number of patients 17
Men and women 15 and 2
Age at surgery 29.25 (18—46)
Mechanism of injury
Sport 9 (53%)
Road accident 7 (41.1%)
Fall 1 (5.88%)
Delay accident - surgery
< 3 weeks 2 (11.7%)
> 3 months 15 (88.3%)
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lateral bundle of the PCL by autologous graft of the
ipsilateral quadriceps tendon, with double ﬁxation on the
tibia (interference screw+press ﬁt) and femur (interference
screw+ cortical ﬁxation) (Fig. 1).
Figure 1 Surgical technique: the bone block of the quadri-Introduction
Although the frequency of this surgical intervention has been
on the increase since the year 2000, reconstruction of the
posterior cruciate ligament (PCL) remains relatively rare. In
1999, it represented 2.6% of all knee ligamentoplasties in
our rehabilitation center and 11% in 2007. During this same
period, reconstruction techniques have been simpliﬁed and
double bundle ligamentoplasties by arthrotomy have been
replaced by single bundle arthroscopic reconstructions.
Preserving reduction of the posterior draw obtained at
the end of surgery is the main difﬁculty of this surgical
technique. Results of a retrospective multicentric study [1]
by the French Association of Arthroscopy (Société franc¸aise
d’arthroscopie [SFA]) in a series of 103 isolated PCL recon-
structions with an average follow-up of 48 months, showed
that residual differential posterior laxity was more than
5mm in 55% of reconstructions and more than 10mm in 25%.
Paradoxically, very few studies describe optimal rehabilita-
tion protocols after PCL reconstruction [2,3]. The aim of our
study was to analyze the results after 30 months of follow-
up in 17 patients who underwent isolated, single bundle
arthroscopic PCL reconstruction with the quadriceps tendon
and who followed the rehabilitation protocol described in
this paper. Our hypothesis is that careful rehabilitation in
terms of delay and gradual recovery, provides satisfactory
and reproducible clinical and laxity results.
Materials and methods
Between 2005 and 2008, 47 patients underwent surgery in
our unit for posterior laxity. There were 17 isolated injuries
of the PCL and 30 cases of combined laxity. Surgery was
performed jointly by two senior surgeons using the same
technique (BSC and PC). Only the 17 reconstructions of the
isolated PCL were included in this study. The surgical indi-
cation was based on a symptomatic isolated tear of the PCL
revealed by laxity and/or pain with a side to side laxity
of at least 8mm. The population included 15 patients in
whom conservative treatment had failed and two high-level
athletes with signiﬁcant differential laxity (18mm) whose
goal was to begin practicing sports again as soon as possi-
ble. Rehabilitation was always performed in the same center
according to the same protocol. All patients were seen at the
consultation for an average follow-up of 30 months (range
12—60 months) by the same observer who was independent
from the surgeons (ZR).
The clinical results of this series are presented in Table 1.
The pre- and postoperative evaluation included a com-
plete radiological evaluation, radiological measurement of
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tFollow-up (months) 29 (12—60)
ifferential laxity with a Telos stress device as well as an
bjective and subjective IKDC form and Tegner & Lysholm
cores.
urgical technique
he surgical technique was identical for all patients. It
ncluded isolated arthroscopic reconstruction of the antero-eps graft to 11mm in diameter is blocked by ‘‘press-ﬁt’’ into
he tibial tunnel whose proximal end is drilled to 9mm in diam-
ter. The tibial ‘‘press-ﬁt’’ is secured by an interference screw.
emoral ﬁxation by interference screw and attachment by trac-
ion suture on a cortical screw.
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Table 2 Summary of the goals for recovery and protecting the PCL graft in relation to the postoperative delay.
D1 — D45 Teach the person not to
use the hamstring
Recover quadriceps
function
0◦ active and passive
extension
Passive ﬂexion 90◦/95◦
Full weight bearing
Knee brace in extension + small
foam cushion on the posterior side
of the upper end of the tibia day
and night
Passive ﬂexion only in the ventral
decubitus or supine positions with
counter pressure on the
posterosuperior side of the calf
Exercises in ﬂexion using only the
blocking action of the quadriceps
Beginning physical exercises such
as pedalling without using the
hamstrings
D45 — D90 Increase all types of
weight bearing on the
quadriceps and
gastrocnemius: closed
kinetic chain exercises
Passive ﬂexion 120◦
Removal of brace then
crutches and recovery of
normal gait
Muscle control and balance
with destabilizing exercises
on two legs
Strengthening the hamstrings is
only possible with the knee in
extension and with a contraction
of the quadriceps (no classic
strengthening with the ﬂexed
knee)
Avoid anterior instability during
proprioception exercises
D90 — D150 Begin controlled physical
activity
Continue recovery of ﬂexion
Continue recovery of
muscular strength
Proprioceptive training on
one foot
No classic strengthening of the
hamstrings
Avoid anterior instability during
proprioceptive exercises
After J150 Begin normal physical
and sports activities
Maximal ﬂexion necessary
for physical activities
Strengthening the
hamstrings
Continue strengthening the
ceps and reinforcing
lar control
Training can begin when range of
motion and muscular strength
permit
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[4,5]. The cushion and brace were worn day and night except
for rehabilitation sessions.
Weight bearing
Walking and placing the foot on the ground while wearing
the brace and using crutches was begun the day after surgery
[6]. Progressive weight bearing did not really begin until D10.quadri
muscu
ostoperative follow-up and rehabilitation
ll patients followed the same postoperative rehabilitation
rotocol based on:
temporary reduction of shear forces that cause posterior
drawer induced by gravity and hamstring contraction;
stimulation and strengthening of the quadriceps and tri-
ceps, to protect the reconstruction graft;
early and progressive increase in weight-bearing.
Rehabilitation, which was begun in the surgical unit the
ay after surgery, was continued in our center after D + 4.
he goals for recovery and protection of the graft in relation
o the postoperative delay are summarized in Table 2.
race in extensionmmediately following surgery and until D45, the knee was
mmobilized in a brace locked in extension (Fig. 2). A
ounter pressure in the form of a small foam cushion placed
ehind the upper end of the tibia (Fig. 2) was added to the
race to prevent any shear force on the reconstruction graft
Figure 2 Small foam cushion to prevent posterior tibial slip-
ping.
Isolated posterior cruciate ligament reconstruction
Figure 3 Passive motion in ﬂexion in the decubitus dorsal
position with the hip in extension. The physical therapist’s hand
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Returning to physical activityprovides counter-pressure on the posterosuperior side of the
calf, creating anterior sliding of the tibia.
On D21, weight was progressively applied without a brace
with the knee locked in extension by the quadriceps and
walking exercises were performed with the crutches in a
parallel position during rehabilitation sessions. On D45, the
splint was removed completely and crutch use was gradually
reduced.
Recovery of ﬂexion
In the ﬁrst postoperative weeks, the knee was only placed in
passive ﬂexion for a range of motion of 0◦—60◦. The range of
motion was increased very gradually to ﬁnally reach 90◦—95◦
during passive ﬂexion on D45 and 120◦ on D90. If subtotal
ﬂexion was necessary for professional or sports activities,
this was only worked on 6 months after surgery.
Several passive range of motion techniques were used:
arthromotor, manual movements with the patient in the
decubitus dorsal position with counter pressure on the pos-
terior side of the upper end of the tibia (Fig. 3), movements
with the patient in the ventral decubitus (gravity causes an
anterior sliding force of the tibia under the femur from 0◦
to 70◦) (Fig. 4).
A
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Figure 4 Passive motion in the decubitus ventral position.259
xercises performed in ﬂexion
fter D21, the patient began exercises for ﬂexion which
nly worked on the ‘‘braking’’ action of the quadriceps,
nd extension was gradually recovered in this same group
f muscles.
trengthening the quadriceps and the
astrocnemius
he quadriceps, which was nearly completely blocked in the
rst postoperative days was reactivated with electrostim-
lation and biofeedback. From D15 to D21, active locking
f the knee in extension was obtained with open kinetic
hain exercises (OKCE) which helped speciﬁc and overall
trengthening of the quadriceps and gastrocnemius in a
losed kinetic chain [7]. After D45, half-squats, stair-step
xercises that emphasize pushing towards extension with
he upper body in a vertical position, as well as exercises
n a horizontal leg press (double leg push, single leg return)
ere begun within an ROM of 0◦/60◦.
trengthening the hamstrings
n the ﬁrst 5 postoperative months, there was no strengthen-
ng of the hamstrings in open kinetic chain exercises, at any
ngle. Classic strengthening of the hamstrings began during
he 6th postoperative month. After D45, strengthening of
his muscular group began, with the knee in extension and by
ontraction of the quadriceps and strapping (Fig. 5). Active
pontaneous ﬂexion without resistance was permitted on the
th postoperative month within the free ROM.
euromuscular reprogramming
roprioceptive training with weight bearing and the upper
ody in the vertical position was begun around D90, with the
sual progression (weight on two legs→weight on one leg,
table ground→ unstable ground, unmoving feet→moving
eet).n exercise bicycle without a toe-clip, the foot with heel
upport, an upright stepper and kicking in a pool with the
Gravity (arrow) creates an anterior sliding of the tibia.
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Figure 5 Working the hamstrings in the ventral decubitus
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during physical activity as before surgery and four patientsosition, with the knee in extension by contraction of the
uadriceps plus a strap (co-contractions of the hamstring-
uadriceps).
nee locked in extension by the quadriceps were allowed
n D45. Until D90 these activities were performed without
esistance while the amount of time was increased. From
90 to D150, activities were diversiﬁed by introducing an
pright elliptic bicycle without using the upper limbs, a
oad bike without a foot cage, jogging, and swimming the
rawl without ﬂippers. The amount of time for each of these
xercises and the amount of resistance were very gradually
ncreased. After D150 running, bicycling and swimming were
ossible without restriction. Athletes could begin training
gain 8 months after surgery.
tatistical analysis
descriptive analysis with a calculation of the frequen-
ies, distributions, means and standard deviations was
erformed. For comparative analyses, we used Fisher’s
xact test and Wilcoxon’s test. The Mann-Whitney and the
ruskal-Wallis tests were used to study correlations. Five
ercent was considered to be signiﬁcant.
(
T
a
5
Table 3 Results of the series.
Before the Accident
IKDC
Subjective (points)
Objective (patients)
A
B
C
D
Lysholm Score (points)
Tegner Score
Level of activity (patients)
Intensive 9
Moderate 8
Light 0
Sedentary 0
Posterior drawer (mm)
a Average (standard deviation).B. Quelard et al.
esults
he results are summarized in Table 3.
omplications
wo patients developed algoneurodystrophy which resolved
ith medical treatment. At the last follow-up, two patients
ut of 17 (12%) presented with a ﬂexion deﬁciency of 6◦
nd 15◦. Four patients (24%) presented with moderate pain
equivalent to discomfort or postoperative tendinitis) where
he graft had been harvested. Three patients presented with
oderate radiological narrowing of the medial joint space.
ctivity level
efore the initial injury, all patients had been practicing
oderate to intensive physical activity with 94% performing
ivot-contact sports; this rate was 23.5% after the injury. At
he last follow-up after surgery, 82% of patients were prac-
icing moderate to intensive physical activity, 71% including
ivot-contact sports. The level of physical activity of the
7 patients in the last follow was comparable to their level
efore the accident (p = 1 with Fisher’s Exact test).
ubjective evaluation of the knee by the patient
leven patients out of 17 (65%) evaluated their knee as nor-
al or nearly normal in the last follow-up. The average
ubjective preoperative IKDC score was 37.7 while it was
4.5 in the last follow-up (p < 0.01).
Six patients out of 17 (35%) had the same amount of pain23%) had moderate effusion during intense physical activity.
he average Lysholm scores in the preoperative evaluation
nd at the last follow-up were 40 (range 5—69) and 82 (range
4—95) points respectively (p = 0.0002). The average pre-
Preoperative Postoperative P
37.7 (21,4)a 74.5 (17,8) < 0.01
> 5%
0 5
0 10
10 2
7 0
40.5 (18.9) 82.3(10.9) < 5%
3 (2.1) 7 (1.8) < 5%
1 7
3 7
8 1
5 2
11.9 (4.4) 3.8 (2.3) < 0.01
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operative and postoperative Tegner scores were 3 and 7
(p = 0.003).
Objective evaluation
• Preoperatively, there were no patients classiﬁed A or B at
the objective IKDC score whereas 88.2% of patients in the
series was A or B at the postoperative evaluations.
• Side to side postoperative laxity was 11.9mm (range
8—18) in the preoperative evaluation and 3.8mm (1—7)
in the last follow-up (p = 0.01).
Correlations
The delay between the accident and surgery did not affect
the objective or subjective IKDC scores (p = 0.112 and
p = 0.251 respectively), or the residual side to side laxity
(p = 0.829). At the last follow-up, the subjective and objec-
tive scores were not correlated (p = 0.335). However, there
was a correlation between the level of preoperative activity
and the subjective IKDC score (p < 0.01).
Discussion
Management of PCL injuries remains controversial. The
results of surgical studies in the literature are difﬁcult to
analyze. Clinical series are often heterogeneous, both for
the type of injuries treated and the methods of evaluat-
ing posterior laxity. Nevertheless, several published series
have evaluated surgery for isolated PCL injuries. Wu et al.
[8] prospectively studied 22 arthroscopic reconstructions of
isolated PCL injuries using an autologous graft of the quadri-
ceps tendon. This study found a signiﬁcant improvement
in differential laxity, IKDC scores and Tegner and Lysholm
scores after an average follow-up of 5 years. Sekiya et al.
[9] retrospectively studied the clinical results of 21 single AL
bundle arthroscopic reconstructions of the isolated PCL with
an autologous graft of the Achilles tendon. Results showed
a signiﬁcant difference in relation to the delay between the
accident and surgery. In a retrospective study of 25 patients
with an average follow up of 9 years, Hermans et al. [10]
found a signiﬁcant difference in patients who underwent
surgery within one year after the accident and the others.
We did not ﬁnd any correlation between the delay between
the accident and surgery and the ﬁnal results.
Although the results are encouraging in all of these series,
there is very little information provided about postoperative
rehabilitation protocols. While for Boileau and Shelbourne
[11,12] accelerated rehabilitation protocols are possible
after reconstruction of the anterior cruciate ligament, in
our opinion, rehabilitation protocols following posterior cru-
ciate ligament reconstruction should be non-aggressive [2].
In all cases, these protocols must respect the delays for
recovery of range of motion in ﬂexion, and the principle
of not using/and of early strengthening of the hamstrings.
Practically speaking, the latter is the main difﬁculty of reha-
bilitation because if an exercise is not performed correctly,
whatever it is, the use of the hamstring exerts excess shear
on the ligamentoplasty which may cause the graft to slip
into the bone tunnels or cause elongation of the transplant.261
herefore, during the postoperative period, it is important
o make the patient aware of the dangers of active ﬂexion
f the knee by the hamstrings and to teach them the cor-
ect movements and conﬁrm that this group of muscles is
ot being used during any of the exercises. The rehabilita-
ion protocol should obviously be adapted to any associated
njuries or movements.
The results of our series of reconstruction of 17 isolated
CL with an average follow-up of 30 months also shows a
igniﬁcant improvement in the subjective scores and satis-
actory results in the control of the posterior drawer. This
tudy only included isolated ruptures of the PCL which were
perated on with the same surgical technique and which
eceived the same postoperative rehabilitation protocol.
evertheless, our study has certain weaknesses. It is a ret-
ospective study with a fairly short follow-up and a small
ohort. The clinical results of this series should therefore
e interpreted with caution.
onclusion
here were no speciﬁc complications linked to this PCL
econstruction technique. Our surgical technique and our
ostoperative rehabilitation protocol are reliable and repro-
ucible. This series of 17 patients conﬁrms our working
ypothesis that this arthroscopic reconstruction technique
ith double ﬁxation and a gentle physical rehabilitation pro-
ocol results in satisfactory clinical and laxity results in the
nee.
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